Abstract. The energy efficient communication is important on sensor networks, since sensor nodes have limited power. Clustering sensor nodes which are deployed in arbitrary regions is an effective method for achieving energy saving goal by transmitting the collected data from members in a cluster by the cluster head to a sink node. But, the occurring of interference and collision channels among neighbor clusters may increase energy consumption due to the retransmission. Our previous study tried to resolve it by using non-overlapping channel allocation algorithm based on the four-color theorem. Allocating channels in complicate cluster topologies, some hole which is surrounded by clusters which are allocated four different channels can be remained. In this paper, we propose a collision resolution local algorithm to solve the problem. The result of experiment shows that the algorithm assigns successfully exclusive channels among neighbors using only 4 channels in a very complicate cluster topology.
Introduction
Sensors on wireless sensor networks collect data from the surrounding environment and the sensor network can be applied to a variety of purposes such as intrusion detection in military areas, area security, and environmental monitoring of temperature and humidity. Sensor nodes are aware of the resulting symptoms of surrounding and transmit the measured data to a base station, which in turn analyzes the collected data.
Sensor networks consist of thousands of low cost sensor nodes, deployed via individual installation or random scattering. The usual nodes are highly powerconstrained and have limited computation and memory resources. Many studies for the efficient use of energy have been conducted to overcome this problem [1] [2] [3] [4] [5] [6] [7] . Typically, neighbor sensor nodes collect similar information, which lead to large energy wastage because of duplicated transmission of similar information.
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Consequently, some clustering methods on sensor networks have been studied. A clustering algorithm splits the network into disjoint sets of nodes which are placed around a chosen cluster head. In clustering, each node belongs to a cluster and the cluster head integrates the data collected from cluster members, and then transmits it to a sink node. This procedure prevents duplicated transmission of similar information and gives low-power networking in sensor networks [5] [6] [7] .
Channel synchronization among clusters can achieve through the assignment of different channel resources among neighbor clusters [8] [9] [10] [11] [12] . In the Low-Energy Adaptive Clustering Hierarchy (LEACH)[1], each cluster communicates using different code division multiple access (CDMA) codes as used in LEACH[1]. It is not a suitable choice for implementing CDMA code in sensor nodes for low cost.
In the study of [10] [11] , a non-overlapping channel reuse method based on matrices is proposed. It assigns dynamically channels which do not overlap those among adjacent clusters using the matrices, such as an adjacency matrix, a topology matrix and a resource allocation matrix, based on the hexagonal cluster model. It is applied only on the hexagonal model and doesn't solve the collisions among neighboring clusters in various cluster topologies.
A channel allocation algorithm [12] is studied based on the four-color theorem [13] [14] [15] . This method is easy to apply in clustered topologies with a variety of neighborhood relations. But, we have found channel conflicts among neighbor clusters in very complex cluster topologies are existed.
In this study, a collision resolution local algorithm is proposed to solve the complex topologies problem. The result of experiment shows that the proposed algorithm assigns successfully exclusive channels among neighbors in a very complicate cluster topology.
Previous Works
Based on the four-color theorem [13] [14] [15] the exclusive channel among adjacent clusters can be assigned by only using 4 channels in some form of topology. Fig. 1(b) represents a result of the exclusive channel allocation using the four channel numbers 1,2,3,4 in the topology of fig. 2(a) . For exclusive channel allocation in the cluster sensor network, the exclusive channel EC matrix presents the process of exclusive channel allocation.
(3) shows the initial EC matrix of the cluster topology of fig. 2(a) . In the initial EC, when two clusters are adjacent, the elements are represented by 'n' and are not adjacent the elements are represented by '0' [16] .
(4) (4) shows the result the result of execution of the exclusive channel allocation algorithm.
One of the clusters which have three neighbors is selected as an initial FS(Fist Reference) and one of the clusters which are the neighbors of the FR is selected as an initial SR(Second Reference). Exclusive channels are assigned to the FR and the SR. If there are columns which have the 'n' elements in the FR and SR rows of EC matrix, one of the columns is selected and the exclusive channel number is assigned to the selected column. The cluster which is assigned a new channel becomes the new SR.
If channels are assigned to the all neighbor clusters of FR, a new FR and a new SR are selected and the previous process is repeated.
A Collision Resolution Local Algorithm
In the process of channel allocation based on the algorithm of the section 2 [12] , there is a case that all four channels are already assigned at neighbors. Then, a collision resolution local algorithm is used to resolve this conflict.
In fig. 2 (a), the channel 2 or 4 is assigned to the neighbour of the FR and the SR. But, the channels, 2 and 4 are already assigned to the neighbour of the cluster. In the fig. 2(b) , an exclusive channel is reassigned to the second level neighbor of the SR, other exclusive channels are reassigned to the first level neighbor of the SR, and then a exclusive channel is reassigned to the SR. Fig. 2(c) shows the result that all conflicts are resolved and exclusive channels is assigned to all the clusters in the WSN. In the fig. 3 , the one-hop neighbors of a cluster x are marked : C 1 , C 2 , C 3 ,…,C 6 . The channel of cluster x is overlapping to the channel of the cluster C 4 . To reassign an exclusive channel to the cluster x, the channels of C 1 , C 2 , C 3 ,…,C 6 are checked. Since the channel of C 3 may be reassigned, an available channel is reassigned to the C 3 . Then, an exclusive channel can be reassigned to the cluster x. This process is expanded continuously to far neighbors until find a candidate. The following is the collision resolution local algorithm. 
Simulation
The experiments for the performance of the exclusive channel allocation are performed. Fig. 4(b-d) shows the results of channel allocations using the TAC algorithm, T and RA matrices, the four-color method based on the cluster topology fig. 4(a) . Fig. 4(b) shows the results of TAC channel allocation. Cluster 'n', and cluster 'o' have the same channel number as '1'. Fig. 4(c) shows the results of T matrix and RA matrix channel allocation. Cluster 'c', and cluster 'j' have the same channel number as '1'. The result of the fig. 4(d) shows that every channel is exclusive among neighbors. 5 shows the result of our proposed four color channel allocation algorithm in the cluster topology which consists of 307 clusters. The enhanced algorithm successfully allocates non-overlapping channels by using four channels among adjacent clusters in a very complicate cluster topology. 
Conclusions
To resolve the conflict of the channel allocation algorithm based on the four-color theorem which the authors proposed their previous research, this paper proposed a collision resolution local algorithm for the collision-free channel allocation.
The execution of the proposed algorithm shows the result of successful exclusive channel allocation among adjacent clusters in various and complex cluster topologies. In future research, the practical protocol and procedures that can be applied in real cluster wireless network systems must be studied.
